To start this discussion meeting on the new chemistry of the elements held on 12 May 2014, Martyn Poliakoff, Foreign Secretary of the Royal Society, was invited to give the opening remarks. As a chemist and a presenter of the popular online video channel 'The periodic table of videos', Martyn communicates his personal and professional interest in the elements to the public, who in turn use these videos both as an educational resource and for entertainment purposes. Ever since Mendeleev's first ideas for the periodic table were published in 1869, the table has continued to grow as new elements have been discovered, and it serves as both icon and inspiration; its form is now so well established that it is recognized the world over as a symbol for science. This paper highlights but a few of the varied forms that the table can take, such as an infographic, which can convey the shortage of certain elements with great impact.
Compare and contrast the chemistry of manganese and chlorine. 1 My generation of chemists was plagued by such questions which were inspired by the A/B labelling of the groups in the periodic table; for Europeans, Mn was in group VIIA and Cl in group VIIB, see figure 1, whereas the labels were confusingly reversed in the USA. I still find it hard to believe that such chemical comparisons ever led to new scientific insight. Fortunately, younger chemists such as my co-author Sam Tang have been spared such questions by the more logical numbering of the groups from 1 to 18, although it is worth remembering that this renumbering initially caused consternation among chemistry teachers who believed that it would make the teaching of chemistry much more difficult! After many years as an inorganic chemist, I still teach the subject but my research focus has moved to green chemistry, devising cleaner and more sustainable ways of manufacturing chemicals and materials [3, 4] . Much of the current work in green chemistry is aimed at finding non-petroleum feedstocks for organic chemicals [5] , but we often overlook the fact that humanity is facing a potential shortage of many of the elements themselves. Unlike petroleum, the elements cannot run out, because, apart from helium which can escape into space and uranium which is fissile, the elements are essentially indestructible. Therefore, it is a question of human activity taking elements from relatively concentrated deposits and distributing them so thinly over the planet that they are no longer easily recoverable.
This shortage was recently highlighted by Mike Pitts who produced one of the first periodic tables of 'endangered elements' [6] (figure 2). It is quite a sobering table. Most chemists would not expect zinc to be more endangered than platinum in terms of supply. The whole problem is perhaps nicely embodied in recent discussions which concluded that there are probably more people in the world using mobile phones than are using toothbrushes [7] . The key point is that a toothbrush probably contains only five or six of the most abundant elements (H, C, O, N, Cl and possibly Si), whereas a modern mobile phone contains more than 40 elements, possibly even 50, many of them among the most endangered [8] . So, as highlighted in a recent Royal Society report [9] , our planet is faced with a rising population and increasing consumption by that population. At the same time, we have a limited supply of elements to feed that consumption.
I have a second role, as Foreign Secretary and one of the Vice Presidents of the Royal Society. The Foreign Secretary's post has existed since 1723, some 60 years longer than the [10] . The project was scheduled to last a mere six weeks but, even before the filming was finished, there had been such an enthusiastic response from the public [11] that it became clear that we would have to continue [12] . From the presenters' point of view, participating in PTOV has had several quite unexpected effects.
First, it has allowed us to learn about parts of chemistry to which we had never been exposed to before, for example seeing the extraordinarily beautiful purple colour of Pu(III) in solution [13] or how the platinum group metals are refined [14] , and giving us access to priceless historical artefacts such as Joseph Priestley's spectacles [15] or Klaus's original samples of the element ruthenium at the University of Kazan 2 (one of the few elements originally discovered through the smell of one of its compounds) [16] .
Second, we have been amazed to find how many people of all ages and walks of life are genuinely fascinated by the periodic table. Even the more abstruse points arouse real interest, for example, a minor adjustment of the values of the atomic weights of some elements [17] . Viewers from across the world send us messages, ask us questions and even accost us in public places. Such enthusiasm is cheering when one often hears talk of younger generations thinking chemistry to be boring. Sometimes, it is very young viewers who are particularly enthusiastic. [24] . It is interesting how the Aufbau principle appears for these elements with, for example, the 5g elements lying between groups 2 and 13 and the 6f elements between groups 14 and 3. (Image courtesy of P. Pyykkö.) and livermorium (116) and atoms of element 117 have been synthesized for the first time. PTOV has already suggested that 117 should be called feynmanium, Fy, in honour of Richard Feynman [19] . In addition, PTOV has been privileged to visit the GSI in Darmstadt, birthplace of many superheavy elements [20] , to learn about their synthesis and chemistry, 3 a topic elegantly covered in this discussion meeting by Schädel [22] .
My
Those who synthesize these superheavy elements are surprisingly upbeat about the possibility of observing elements with Z > 118, for example element 120 [23] . Therefore, it is of more than theoretical interest to consider what the structure of the periodic table might be beyond element 118. Pyykkö, one of the meeting's participants, has made a prediction for elements up to 172 (figure 4) [24] . This range not only covers the 6f block of elements, but also the unprecedented 5g series. Cynics might dismiss such speculation as being somewhat philosophical but the PTOV viewers disagree; the video on Pyykkö's paper [25] attracted more than 31 000 views. 3 At the start of PTOV, my knowledge of the superheavy elements was minimal, as demonstrated by our first video [21] on hassium, element number 108, which I showed at the end of my talk. [27] . The 'element girls' are used as an unusual teaching aid in a book for teaching the periodic table [28] . (Photo: Morgan Thomas.) (Online version in colour.)
Working on PTOV has reminded us how the knowledge of most chemists is becoming increasingly focused and limited to their own particular area of chemistry. There are few chemists now who can claim the encyclopaedic breadth of knowledge that Sadler [26] displayed in his inspiring presentation on the elements of life and medicines at this meeting. This narrow focus is particularly sad, because, in the search for new more sustainable chemistry, few research chemists have familiarity with the more arcane chemistry of elements, knowledge which might for example open up new areas of catalysis. Hopefully, this UK-German discussion meeting and the associated papers will re-excite chemists' imaginations to the possibilities. In the longer term, there is reason for optimism. The Internet and Open Access are bringing chemistry to a much wider audience and, as in astronomy, one can easily imagine an increasing role for interested amateurs with sufficient free time to recognize patterns within chemical data which have been overlooked by overburdened professional researchers. Furthermore, we should not forget that, within research laboratories, the technicians often have a wider factual knowledge of chemical reactions than the more highly qualified and specialized researchers.
In recent years, the periodic table has become an advertising icon across the world ( figure 5 ). Most chemists probably do not realize how fortunate our discipline is to have such a widely recognized symbol, something that physics lacks. For example, in the city of Oxford (UK), there are a taxi and a bus both decorated with the periodic table, which is particularly appropriate, because 2013 marked the centenary of the publication of Oxford physicist Moseley's [29] historic paper on X-ray spectra of the elements. That paper was the first definitive assignment of atomic number and helped explain anomalies such as the apparently reversed order of cobalt and nickel Figure 6 . Clock devised by chemistry teacher Nagayasu Nawa at Kurume University Fusetsu High School, Japan. It is an excellent example of how an unusual form of the periodic table can highlight particular features, in this case atomic number [30] . 4 (Photo courtesy of N. Nawa.) (Online version in colour.) in terms of their atomic weights. Sadly, Moseley's premature death at Gallipoli in 1915 prevented his winning the Nobel Prize for his outstanding achievement.
There is no single 'true' periodic table, although probably only the standard 'short form' is widely recognized by the general public. Unfortunately, the standard form does not make it easy to pick out the atomic number of a particular element without peering at the small print. By contrast, a recent 'atomic clock', designed by a Japanese schoolteacher makes the task very easy (figure 6). The clock exploits people's almost instinctive ability to convert a position on the clock face into a number of minutes, for example enabling one instantly to see that neodymium has atomic number 60. So different arrangements of the elements can serve different purposes; novel forms of the periodic table can be useful for highlighting particular aspects of the elements. Let us hope, however, that no examiner gets hold of the Japanese clock because it has no less than 58 different pairs of elements, each with the associated opportunity of forcing unwilling pupils to compare and contrast their chemistry!
In conclusion, we are here to discuss the new chemistry of the elements. It is clear that the periodic table has become an icon of our profession as chemists, easily recognized by most people. However, it has also become an important tool for our research, constantly reminding us that there is still so much chemistry to be discovered and luring us to explore the chemistry of the less popular elements. Surely their time will come, giving us quite unexpected new materials, catalysts and reactions. So do not hesitate. Go and explore! 4 'It has 118 atomic symbols-H to Uuo-on its dial in a double circle. Near the centre of the clock is a spiral line along which are written numbers that represent the electron configuration of each atom written on the outer circles. (Add 10, 20 or 30 to the number according to the colour index.) This clock was given as the prize to the winner of the finger-match games held in the chemistry room on 27 April 2014, when our school festival was held under the theme 'FUNKOTSUSAISHIN or do your best'. (The clock unit used: MAG T-511WH manufactured by NOA Co., Ltd)'-N. Nawa.
